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SUMMARY 

1 . rhe acute inhalation toxicity of polymeric MDT was .'.itudied by exposing 

groups of male and female rats one single time for 4 hours to different 

concentrations of an aerosol of th is compound in the atmosphere. 

2 . Fo r each concentration test ~d 10 males and 10 females were used: five 

males and five females for the Lc 50 determination and the other animals 

f or informat ion on the gross pathology immediately after ~~posure. 

3. Gross examination of animals killed imn.ed.iately aftf\r the _4-hour exposure 

peri od reve aled some haemorrhages or ~dema i n the lungs. Similar changes 

were fo und in animals killed at the end of the observation period. 

3 
4 . :he 4-hour Lc

50 
of p~lymeric MDI in rats was found to be 490 mg/m a ir. 



~CUTE INHALATION TOXICITY STUDY OF POLYMERIC MDI IN RATS 

( DRAFT) 

i · PURPOSE OF THE STUDY 
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I t was requested by the International Isocyanate Institute Inc., U.S.A., 

: o ca rry out an acute inhalation toxicity study with polymeric MD: in 

:d ts. Groups of m~le and female rats were to be exposed one single time 

: or a period of four hours to an atmosphere in whicn a specific 

:oncentration of polymeric MDI ;1erosol was maintained, in order to 

de termine the 4-hour LC 50-value of the tes t substance in rats. This 

value was calcula t ed f rom the mortality perc~ntages according to the 

?ro bit a~alysis method of Finney (1). 

MA7ERIALS AND METHODS 

2.1 Te st material 

Samples of polymeric MDI (Desmodur 44 V 20 ) were received from Bayer AG , 

Lever~usen, FRG, on April 7, 1981 and April 14, 1981. Desmodur 44 V 20 is 

a very viscous ( n • 200 ~ 40 tr.pas), dark brown liquid with the following 

composition as specified by Bayer AG: 

NCO - content 30 + 2 % (w/w) 

hydrolysable chlorine ~ 0.3 :r. 

total chlorine ~ 0.8 7. 

c hlo ro benzenes ~ 0.015 :r. 

phenyl isocyanate ~ 0.005 :r. 

content of monomeric MDI 52 + 3 :r. 

content of sediment "' Q.Ol %. 

Oil red (0.5 %; w/w) was at ri co D~amodur 44 V 20 to facilitate the 

spectrophotometric determination of the concentration of the test 

material in the exposure atmospheres. 
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_ . 2 :'es t animals 

:'i f t y male and fifty female young, adult SPF-bred rats (Cpb: WU, Wistar 

: 3ndom ) were obtained from the Central Institute for the Breeding of 

·.a tora t r .:y Animals TNO, Zeist, The Netherlands. The .initial mean body 

.e ight of the males was 167 g a nd that of the females was 139 g. They 

·2 ceived t he I ns titut e's stock diet for rats and bottled unfluoridated 

-3 p-water ad lib i tu~· 

: .3 Expo s ure chamber 

3 \ s tajnless steel exposure cham ber, ha ving a capacity of 1.5 m was 

•se c 

-he f rc ~ t door of the e xposure c hamber is provided with a glass window 

f or obse rv a t ion of the an i mals and wi:h s everal t ; les for the collection 

·. Jf air samples f rom dif f erent loc'ltions in the chamber. 

2. 4 Generation of t he test atmosphere 

A polymeric MDI aerosol was generated f rom a stainle s s steel/glass air 
0 

ne buli ser. The nehuliser was thermosta ted at about 45 c. A cyclone was 

pl aced behind the air nebuliser to remove large particles. 

Upon entering the exposure chamber, additional ai r was mixed with the 

aerosol resulting in a total air flow of 30-60 m
3

/ hour. 

2.5 Analysis of the test atmosphere s . 

During the exposure period samples were taken from the test atmospheres. 

The concentration of polymeric MDI in these samples was determined by: 

a) Calculation from the oil red conce-ntration, determ1ned by 

spectropho t ometry after s~mpling of the test atmosphere by means of 

a cascade impactor. The first sample was taken half an hour after 

the start of the exposure and subsequent samples weie taken at one 

hour intervalB. 



b) calculation from the oil-rerl concentration determined · .· 

spectrophotometry after sampling of the test atmosphere by means of 

the device rlepicted in figure 1 of the addendum. The start of 

sampling and the sampling frequency wer~ the same as those 

indicated under a). 

c ) calculation from the monomeric MDI concentration determined by HPLC 

after sa~pling 0f the test atmosphere by means of the device 

depicted in figu ··r.? 1 of the addendum. The first sample was taken 45 

min after the start of the exposure and subsequent samples were 

taken at approx. one hour intervals. 

~he particle size distribution in the polymeric MDI aerosol was 

i etermined in samples taken from the atmosphere in the chamber by means 

vf a cascade impactor. 

Th e different methods of sampling and analysis have been described in t he 

· ddendum to t his report. 

2 .6 Condu ~ t of the study 

Groups of rats, ea ~h consisting of 10 males and 10 females were exposed 

to the test material one single time for a period of 4 hours. Each group 

was sub-divided into two subgroups of five males a~d five females. The 

test was carried out with five different t e st substance concentrations. 

During exposure the animals were housed individually in wire mesh 

stainless steel cages, which were located at one level in the exposure 

chamber. Indiv!dual housing was used to minimize filtration of inspired 

air by the animals' fur. During the exposure the animals were deprived of 

w·ater and food. 

Immediately after the exposure the survivors of une subgroup of rats, 

which was designated beforehand, were killed, while the survivors of · he 

second s ubgroup were ·returned to their living cages for an observation 

period of two weeks. The living cages were 1spended in an open rack ln 

a n animal room. The temperature and relati ve humidity in the room were 

controlled at 21 + 1 °C and 50-60 7. respectively. 

During the exposure ~nd the observation period mortality and all 

reactions to treatment were observed and recorded daily. 

Bodv wei~hts were recorrled at •. ays 0, l, 2, 4, 7 and 14 . 



~1e s urv i vors, which wtre killed by exsanguination from the abdominal 

1o rta under ether an~esthesia, and Lhe animals found dead were auropsied 

. d examined for gross pathologi~al changes. Lungs with trachea and 

:rvr.x and the nose were preserved in a 4 % neutral aqueous 

··~ o spha te-buffered formaldehyde solution • 

. 1ESULTS 

. 1 Analytical results 

·~e ' nd~vidual and mean data on the concentration of pol e r ic MDI, 

~ ~a bli shed hy means of oil-red determination and of MDI determined by 

? ~C . are summarised in table 1. On analysis of the test at •ospheres 

. -rge differences were often found between the results ob t ained by 

· ~s cade impactor/spectrophotcmetry, glass filter/spectrophotometry or 

:?LC. In all cases thP results obtained by HPLC were lower than tho se 

~· rai ned by the other two methods. An explanation for these differenc es 

ca nnot be given at the moment. 

:~e results of the p~rticle size distribution measurements are given in 

C3ble 2 , which shows that i n ~ll tests more than 95 % of the particles 

~a s smaller than 5 ~ m. 

3 .2 Clini c a l signs 

During ttte exposure period the animals were quiet, kept their eyes closed 

and sr.owed laboured respiration and mcuth breathing, especially at the 

highest two levels. No mortality occurred during exposura. 

The fur of the back skin of the animals was slightly pink at the end of 

the exposure period. 

3.3 Mortality 

Th e animals that died, died within 2 days after t~rrutnation of the 

exposure period ( table 3). 



. 4 Body t.Jeights 

-~ e mean body weights of the animals are presented in table 4. 

) n th ma les and femalP.s lost body weight during the first two to four days 

· - the observation period. Around day 4, the animals gained body weight 

i n . 

. 3 Gross path0logy 

r os s examination revealed some haeQorrhages in the lungs and a 

· , emo rrhagic fluid around the nares of anima~s killed iliDDediately afte r 
3 

.1e '<posure to 523 , 418 and 384 mg polymeric MDI/m air. In addHton 
3 

· :~ st lungs of ani ma 1 s exposed to 523 mg/m air showed slight edema. 

f ew animals, which died dur i ng or were killed at the end of · ~ : <~ two 

·eek obse rvation period shoHed some haemorrhages in the lungs. This 

~ l nding was most f requently observed in anima s exposed to 41 8 mg 

:: olymeri.c MDI/m 3 a ir. 

3 .6 LC 50-value 

The 4-hom:· .·.c50- value of polymeric MDI i n rats, based on concentration 

va l tes , calculat~d by spectrophotometrical determination of oil-red (see 
3 

Ad dPnti 1u11 Bection 2.1.1), was found to be 4~0 mg/m with 440 and 540 
3 

mg /m as the 95 % confidence limits. 

4 . REFERENCE 

l ) Fi nney, O.J., Probit aca !~:i s (3rd ed) London, C mbridge Un~versity 

Press , 1971. 

c ~IS T. CI VO TOX. i\ND ~TR. 

982-06-22/AE 



: 1 ole l - Co ncentration of polymeric MDI in test atmospheres 

- ~= a c:nen t 

;:)u p i. ) 

polymeric HOI (mg/m 3 ) 

calculated from 

spectrophotometry 

Sampled by 

, ___________ c !~~de impactor 

Sampled by 

G4-filte!" 

3802) 

380 2) 

447 2) 

619 

450 

482 

447 

:lean 500 402 

calculated from 

HPLC 

Sampled by 

G4-filter 

278 

278 

288 

281 

- --------------------------------------------~--------------------------

:·lea n 

479 

524 

547 

542 

523 

558 

604 

593 

593 

587 

470 

'516 

526 

54 0 

513 

------------------------------------------------------------------------
D 

Mean 

403 

410 

426 

433 

418 

456 

490 

501 

524 

493 

376 

388 

378 

420 

391 

-------------------------------------------------------------·-----------
c 362 301 2) 211 

374 287 2) 223 

396 451 - 3) 

405 324 240 

~lean 384 341 225 

continued 
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7o r calculation of the Lc50-value the results of group B were not 

used, because the mortality in group B (zero) and the exposure 

concentration of group B (167 m~/m3 ) were completely out of range. 

:~ese sa~ples were taken with a G4-filter combined with a wash bottle 

: i lled with nitro~eagent in SH2c1 2• No MDI could be detected in 

: he absorption solution in the wash bottle, therefore the otber 

~ amples were taken wilh a G4-filter only. 

~ o t measured by mistake. 
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Ta ble 2 - Particle size distribution in polymeric MOl aeros ols 

Aerodynamic 
distri but ... ~ .• (7.) ---- ·---

:iameter , D so ( \.lm) SamEle 1 Sample 2 Sample 3 

0 . ll7 1.5 1.5 1.9 

0.7 5.1 6.4 s.o 

1.1 17;1 u. 7 20. 0 

1.7 33.4 39.4 39.9 

2 .5 28. 0 26.1 23.9 

3.4 10.4 10 . 0 6.2 

4.3 4. 2 4.5 2.9 

5 .7 0.4 0.3 0.3 

7.7 1ind ;a 
OoJ. 
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~~ b le 3 - Mean concentration of polymeric HDI in the test atmos~eres and the 

correspond ~ ng mortality data 

:: eat Mean concentration Number of deat hs at day 

·e r: t of polymeric MDI!) mortality 
3 02) 2 .:- oup (mg/m ) 1 3 - 14 (%) 

d r; d 9 d 9 d 9 

500 3 2 1 60 

523 1 2 1 1 50 

418 1 1 2 4U 

384 1 10 

~lean values of samples taken by means of the cascade i mpactor and analysed by 

s pectrophotometry. 

: 1 Day 0 i s day of e~posure. 

4 t 1.. 

'1. -t ( 
) 

3 ;-

I . 0 



7able 4 - Mean body weights (g) of gr~ups of male and female rats 

exposed to different concentrationR of polymeric MDI. 

:2an concentration of Body weight at day (g) 

polymeric MDI 

~ m g /m 3 )) 0 *) 
1 4 7 

MAL"I!:S 

500 168 148 137 155 177 

52 3 164 149 142 128 139 

418 170 151 1) 153 173 

38 4 164 141 133 1) 151 

FEMALES 
500 136 127 118 112 130 

s::J 138 124 115 118 137 

41 8 1113 129 1) 129 149 

38 4 139 _1_20 116 _1) 13 8 

- 14 -

14 

224 

186 

208 

205 

153 

164 

170 

158 

Day 0 is day of exposure; weights are recorded just prior to the exposure • 
.:. ) Ry mistake the males and females were not weighed on these days . 
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A. MATERIALS 

1. Dry toluene: Toluene, p.a (Mer~k 8325, Darmstadt, F.R.G.) was dried 

over KOH-pellcts for 1 hour. After filtration, it was further dried 

and kept over sodium wires. 

2. Dry dichloromethane: Dichloromethane, p.a (Baker 7053, Dev~nter, the 

Netherlands) was dried over anhydrous sodium sulphate. 

3. Methanol, p.a. (Merck 6009, D~rmstadt, F.R.G.). 

4 . Ethanol, absolute (Zuid- Nederlandse Spiritus, Bergen op Zoom, the 

Netherlands). 

5 . Hexane ( ~ferck 4368, Darmstadt, F. R.G.). 

6 . HPLC solvent: Hexane (A.S)/ethanol (A.4) 4:1 (v/v). 

7. HPLC c.olumn: Spherisorb SSW (Phase Separations, Queensferry-Clwyd, 

U.K.) in a 250 x 4.6 mm id stainless steel tubing (filled by 

Chrompack, Middelburg, the Netherlands). 

8 . 0.05 % r.itroreagent in dry toluene or dry dichloromethane. 

Nitroreagent as the hydrochloride salt was delivered by Bayer AG 

(Lever'<usen, F.R.G.). The 0.05% solutions wt!re made according to 

Keller et al. (Ref. 1). 

9. MDI-NR derivate as reference material was delivered by Bayer AG 

(Leverkusen, F.R.G.). 

B. APPARATUS 

1. Air Flo"' measurement. An anemometer (type 641 N, W. Lambrecht KG, 

Gottingen, F.R.G.) was used for air flow ~easurements. 

2 . Air sampling: 

a . Air samples for analysis by HPLC were collected with the device as 

depf.cted in figur.e 1. 

b. Air samples for sper.trophotometric analysis were • 1. lecced with an 

eleven stage cascade impactor (as described by A. BUrkholz (Ref. 2)) 

or with the sampling device depicted in figure 1 • 



3. Spectrophotometric determinations. A Pyc Unicam SP 8400 

spectrophotometer ft• ' · 1:1 ed for the spectrophoto·metric determinations. 

4. HPLC de e rminat_icna. The chromatographic system consisted of: 

a. A an LC .1020 pumping system, a Varian Auto.;ampler LC 8055 and a 

Valco AH- 60-,, > '/K s;~mpling valve with a 10 ul sample loop. 

b. A Spherisorb S)t' ~ olumn (A.7). 

c. A Pye Unicam LC ; -3 detector, a Varian CDS 111 data system and a 

Kipp A41 recorder. 

5. Particle size determinations. For particle size determinations an 

eleveu stage cascade im?actor and a microbalance were used. 

C. ANALYTICAL PROCEDURES 

1 . Sampling of the test atmospheres 

Air samples were taken with the cascade impactor (B.2.b) or with the 

sampling device depicted in figure 1, using an air flow at the rate of 5 

1/min. Both air samplers were instal led through an opening in the fr~nt 

door in such a way, that the air samples were taken at the level in the 

exposure chamber where the animals were placed. 

The cascade impactor was used for obtaining samples for the determination 

of the particle size distribution and of tre total mass concentration of 

polymeric MDI aerosol in the test atmosphere. In the latter case the 

residues on the eleven discs of the impactor were taken up into dry 

dichloromethane (A.2) and diluted to 25 ml in a measuring flask. Thts 

solution was analyzed spectrophotometrically. 

The sampU.ng device of figure 1, with or w_thout wash bottle, was used 

for the determination of the · mass concentration of polymeric MDI by 

spectrophotometric analysis. When used, t~e wash bottle was filled with 

25 ml absorption solution (A.8), consisting of 0.05% nitror~agent in dry 

dichloromethane. In case the· wash bottle was used, the G4 glass filter 

was washed with the absorp_tion solution followed by 10 ml dry 

dichloromethane (A.2) after the air sampling. In other cases the glass 

filter was washed with dichloromethane only. 
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For the determination of monomeric MDI by HPLC analysis the sampling 

device was used with wash bottle and absorption solution. After the air 

sampling, the glass filter waH washed with the absorption solution 

followed by 10 ml d.ichloromethane. The wash solutions were quantitatively 

brough t into a 50 ml measuring flask and dichl oromethane was added to the 

mark. 

2. Analysis of the test atmospheres 

2.1 Determination of polymeric MDI concentration 

2 .1.1 Spectrophotometric analysis 

The concentration of pol~rmeric MDI in the test atmosphere was determined 

i ndirectly by spectrophotom~tric analysis of the final air sampling 

solution obtained as described in section C.l. 

The spectrophotometric analys i s was based on the presence of the dyestuff 

oil red in the polymeric MDI . The absorbance of the final air sampling 

solution was determined at 530 nm with respect to dichloromethane as the 

reference. Also, a calibration curve was constructed for the absorbance E 

versus the concentration of oil red in dichloromethane solutions. The 

concentration of polymeric MDi in t he test atmosphere was calculated 

according to the formula: 

in 

po ~ymeric MDI in the test atmosphere • ExVx200xlOOO mg/m3 
gVxFxl 

which: E • absorbance at 530 nm 

v • volume of final air sampling solution (ml) 

F • calculation factor obtained from the calibration 

(ml/mg. em) 

1 • optical path-length (em) 

gV • volum~ of air sampled (1) 

200• conver9it)t'1 factor for obtaini.ng the correspondin'g 

c.oncentration of polymeric MDI 

curve 



2.1.2 HPLC-analysis 

The concentration of polymeric MD! in the test atmosphere is determined 

indirectly by HPLC quantification of MDI-NR derivate in the final air 

sampling solution obtained according to section C.l, using the sampling 

device depicted in figure 1. 

This quantification is based on comparison of the sample chromatograa 

with a chromatogram obtained by injection of an equal volume of a 

standard solution of derivatized MDI - (A.9) in dichloromethane (external 

standard). The HPLC analysis was carried out by means of straight phase 

liquid chromatography. The method is a modification of the method of 

Dunlap et al. (Ref. 3). The chromatographic system outlined in B.4 was 

used. 

Analytical procedure: 

Prior to use, the silica column is washed with metha~ol, dichloromethane 

an~ hexane successively (c. 30 ml of each). Then the column is 

equilibrated to the HPLC solvent: c. 20 r. ethanol inn-hexane (A.6), 

degassed by ultrasonification. The rate of solvent flow is set at 2.0 

ml/min and the column effluent is monitored at 254 nm and 0.16 AUFS. 

After pumping through c. 30 ml, the equilibrium is checked by two 

success~ve injections of the external standard solution. Equal retention 

times must result. 

A 10 ~1 aliquot of the final air sampling solution (C.l) is used for 

quantification by HPLC (in duplicate). For calibration (external 

standard), a 35 ppm solution of derivatized MDI (A.9) in dry 

dichloromethane (A.2) was used. This represents 0.35 ~g MDI-NR derivate. 

TI1e minimum detectable quantity of MDI-NR derivate is c. 1.5 ng at 0.04 

AUFS with the above described HPLC system. 

After use, the column is washed with 100-150 ml of n-hexane and stored. 

The concentration of MDI-NR derivate "in the sample solution is calculated 

by comparison of peak areas obtained with sample and calibration 

solutions, using a peak integrating chromatography data system (B . 4). The 

concentration of monomeric MDI in the test atmosphere is calculated from 

the MDI-NR derivate concentration in the sample solution taking into 

account the volume of air that has been sampled. 
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The concentration of polymeric MDI in the test atmospherP. is calcula t ed 

from the monomeric MDI concentration using the formula: 

polymeric MDI in t~st atmosphere • 
Ac·Vi.Vair 

X 1.92 

in which: A 
s 

A 
c 

v 
9 

vi 

v 
air 

M 
c 

1. 92 

• area of MDI-NR in sample chromatogram 

• area of MDI-NR in calibration chromatogram 

• volume of final air sampling solution (ml) 

• injection volume (ml) 
3 • volt~e of air taken from test atmosphere (m ) 

• mass of MDI-NR in calibration chromatogram (mg) 

• conversion factor because polymeric MDI contains 

52 % monomeric MDI 

2.2 Determination of the particle size distribution of the aerosol 

The particle size distribution was determined by weighing the discs of 

the cascade impactor (B.S) after alr sampling as described in (C.3). The 

weighing was carried out with a micro-balance (~.5). 

The weight of each particle size fractlon was then expressed as a 

percentage of the total mass of polymeric MDI in the test atmosphere 

sample. 

D. REFERENCES 
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3. Determination of isocyanates ifi working atmospheres ~; high speed 

liquid chromatography. K.L . Dunlap, R.L. SandTidge and J. Keller. 

Anal. Chem. 48 (1976) 497. 



Figure I. Air sampling device. 
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